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ABSTRACT OF THE DISCLOSURE

A catalytic process for preparing methacrylonitrile
from isobutane, or isobutylene, oxygen and ammonia,
at elevated temperature, said catalyst being a vanadium
phosphate in conjunction with at least one of molybde-
num oxide, copper oxide, tungsten oxide, thorium oxide,
uranium oxide and/or zirconium oxide and said cata-
lyst being separately deposited on different particles of
a carrier of substantially inert character.

e T ————

This invention relates to the production of nitriles and
is a continuation-in-part of my copending application Ser.
No. 336,893, filed Jan. 10, 1964, and a continuation of
Ser. No. 399,878, filed Sept. 28, 1964. The invention more
particularly relates to the production of unsaturated ali-
phatic and aromatic nitriles from corresponding hydro-
carbons.

It is known that certain unsaturated hydrocarbons may
be catalytically oxidized to the corresponding aldchydes
and these aldehydes converted to nitriles by reaction with
ammonia.

It has generally been fourd necessary and desirable to
effect the reaction in two separate steps or stages as the
catalysts which favor the initial oxidation of the olefins
are inhibited by the presence of ammonia,

It is an object of the instant invention to effect the
conversion of certain hydrocarbons to unsaturated or
aromatic nitriles in a one-step catalytic conversion.

A further object this invention is a certain catalyst sys-
tem effective for the catalytic gas phase conversion of hy-
drocarbons to nitriles by reaction with oxygen and am-
monia.

These and still further objects will become apparent
from the following description:

In accordance with the invention it has been found
that hydrocarbons having a methyl radical may be effi-
ciently converted with good selectivity to the correspond-
ing nitriles by a vapor phase catalytic reaction with oxy-
gen and ammonia using a catalyst containing vanadium,
phosphorus, oxygen, and a member selected from the

group consisting of molybdenum, copper, tungsten, tho-

rium, uranium, ard zirconium.

The starting hydrocarbons which are converted in ac-
cordance with the invention may be any hydrocarbons
which contain a methyl radical attached to an unsaturated
carbon atom, the term unsaturated carbon atom includ-
ing carbon atoms in ring structure, such as an aromatic
ring, where the unsaturated bond or bonds may be of the
resonating type.

The starting hydrocarbons may also be saturated hy-
drocarbons corresponding to the above-described unsat-
urated hydrocarbons, ie. hydrocarbons which may be
converted to the above-described unsaturated hydrocar-
bons by dehydrogenation.

When the starting hydrocarbons are unsaturates the
same may be alpha, methyl, olefins (g-olefins) as for
example propylene, butylene, isobutylene, or higher homo-
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logues thereof or the corresponding diolefins, methyl aro-
matic compounds, such as toluene, xylene, methyl naph-
thalene or alkylaryl compounds having a methyl group
bound to an aromatic ring or an alpha-unsaturated car-
bon atom.

When the starting hydrocarbons are saturates, the same
may be any of the alkanes having at least three carbon
atoms or any methyl substituted cycloalkanes. In con-
nection with the alkanes, propane, isobutane, and the
higher homologues of isobutane are preferred. Examples
of methylcycloalkanes which may be used include: meth-
ylcyclohexane, methylcyclopentane, other methylnaph-
thenes, methyl Decalin, and the like.

The oxygen used in the reaction is most conveniently
in its mixture in air but may be added per se or in ad-
mixture with any inert gas or with the ammonia,

The catalyst must contain vanadium, phosphorus, oxy-
gen, and preferably molybdenum. In place of the mo-
lybdenum, however, copper, tungsten, thorium, uranium,
or zirconium may be used.

The vanadium is most preferably in the form of a com-
pound or complex with phosphorus and oxygen which is
referred to herein as a vanadium polyphosphate. The
vanadium polyphosphate may be formed by reacting phos-
phoric acid with vanadium oxalate.

In accordance with a preferred mode of preparation,
vanadium pentoxide is first dissolved in an aqueous solu-
tion of oxalic acid. The concentration of the oxalic acid
in the solution and the mol ratio of the oxalic acid to
the vanadium pentoxide may vary over wide limits. Thus,
concentrations of oxalic acid between about 0.5 and 40
weight percent and preferably between about 10 and 30
weight percent may advantageously be used. Mol ratios
of the vanadium pentoxide to the oxalic acid may vary
between about 0.05:1.0 to 1.0:1.0 and preferably between
about 0.2:1.0 to about 0.5:1.0. The dissolving of the va-
nadium pentoxide in the oxalic acid solution may be ef-
fected at a temperature between about 0° C. to about
250° C. and preferably between about 50° C. and 150° C.
When the vanadium pentoxide is dissolved in the oxalic
acid solution, the solution turns a deep blue color. To
this blue solution the phosphoric acid is added. Phos-
phoric acid may be in the form of a concentrated solu-
tion of H3POy in water or in the form of a compound,
such as P,0; which will yield phosphoric acid in the so.
lution. The amounts of phosphoric acid which may be
used vary over wide limits from an amount correspond-
ing to an atom ratio of phosphorus to vanadium of about
0.1 to about 3.5 and preferably between about 1.0 to
about 2.5.

The solution formed upon the addition of the phos-
phoric acid should be maintained at a temperature be-
tween about 0° C. to about 250° C. and is preferably
aged at this temperature for a period of time ranging from
several minutes up to 48 hours and generally about 1
hour. The excess water is then removed from the solution
by evaporation as for example by heating and/or the
application of vacuum until a dry powder is obtained.
The final temperature of the dried powder may vary be-
tween about 200° C. to about 500° C. The dried powder
is then formed into appropriate size particles in any
known or conventional manner, as for example by pelletiz-
ing, granulating or the like. For fixed bed operation, the
powder is generally formed into particles ranging in size
from 144" to 4" and preferably %s” io 14" and may be
deposited on an inert carrier, such as alumina, silica, or
silicon carbide having a particle size between about Tas
and 14”. The amount of the vanadium polyphosphate de-
posited on the carrier may vary between about § to 60
weight percent and preferably between about 10 to 30
weight percent based on the total weight of the poly-
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phosphate and the carrier. In general, vanadium poly-
phosphate should be deposited on the carrier in amounts
sufficient to substantially coat the surface of the carrier.

For use in a fluidized bed, the dried powder may
be ground and screened to a particle size range between
about 10 and 250 microns with the average particle
diameter being perferably between about 40 and 80
microns. For fluidized bed operation it has been found
convenient to spray dry the vanadium pentoxide oxalic
acid phosphoric pentoxide solution so as to form micro-
spherical particles with diameters in the range of between
about 10 to 250 microns.

The second component of the catalyst, ie. the
molybdenum, copper, tungsten, thorium, uramium, or
zirconium is preferably in the form of an oxide, but the
same may also contain phosphates, borates, and anti-
monates, as for example of vanadium.

The second component may have the same particle
size ranges for fixed bed and fluidized operation as the
first component and also be deposited on a carrier such
as aluminum, silica, or silicon carbide in amounts of 1
to 60 and preferably 5 to 30 weight percent based on the
total in the metal compound and carrier. It is also pos-
sible to deposit both the vanadium polyphosphate and
the second component on the same carrier.

The ratio of the two components of the catalytic mix-
ture may be varied within wide limits ranging between 1 to
20 and 20 to 1 based on the weights of the components,
and the atom ratio of the metal of the second component,
such as the Mo to the vanadium may vary between 0.01
and 10.0.

In addition, to the use of a single metal compound as
the second component, a mixture of two or more of the
metal compounds specified may be used, in which case the
amounts as indicated above relate to the amount of the
total mixture of two or more of the molybdenum, copper,
tungsten, thorium, uranium or zirconium compounds, and
preferably oxides.

Additionally, the catalysts may contain alkali metal
oxide such as lithium, sodium, or potassium oxide in an
atom ratio to vanadium of up to 1.0.

The hydrocarbons are converted to the nitriles in ac-
cordance with the invention by passing the same in the
vapor phase in admixture with the oxygen, such as in the
form of air, and ammonia, in contact with the catalyst
at a temperature between about 300-650° C., and prei-
erably between about 425 and 575° C. The concentration
of the hydrocarbon to be converted in the gaseous feed
should be at least 0.2 mol percent and should preferably
be at least 0.5 mol percent. For reasons of safety, it is
generally desirable not to use higher concentrations than
3.0 mol percent and the most preferred range of con-
centration is between 0.5 to 1.5 mol percent.

The ratio of molecular oxygene to the hydrocarbon in
the total feed may vary between about 0.5 and 50 and is
preferably between about 10 and 30.

The mol ratio of ammonia to the hydrocarbon being
converted in the total feed gas may also be varied within
wide limits between about 0.2 and 20 and preferably be-
tween about 1.0 and 10.0. While substantially pure am-
monia is normally used, the same may be admixed with
inert gases or aqueous solutions of ammonium hydroxide
may be employed.

The contacting of the reactive gas stream with the
catalyst may be effected, either as a fixed bed, fluidized
bed, or semifluidized bed operation at normal or elevated
pressures, as for example, pressures ranging from at-
mospheric to 1,000 p.s.i. gauge. In addition, the reactive
gas stream may contain an inert gas, as for example, nitro-
gen or the like, and/or water with a mol ratio of the
inert gas and water to the hydrocarbon in the feed each
being between about 0 and 100.

The reactor may be constructed of any suitable mate-
rial, as for example, a glass, such as quartz glass, metals,
such as stainless steel, carbon steel, Monel, Inconel, etc.,
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with a suitable arrangement being provided for removing
the heat generated in the exothermic reaction to maintain
the temperature within the range indicated above.

For fixed bed operation, it has been found preferable
to utilize multi-tube heat exchanger type reactors, cooled
with any suitable heat exchange medium, as for example,
eutetic salt baths such as mixtures of sodium nitrate,
potassium nitrate, and sodium nitrate. In fluidized bed
operation, the bed may be fluidized by the reactive gas
stream with the exothermic heat of reaction being carried
out of the system as sensible heat for the process gases
and/or by a heat exchange arrangement. The unreacted
and partially reacted materials from the gas stream may
be recovered and recycled generally with a suitable ad-
dition of fresh reactant gas.

Flow rate of total reactor feed gas, including hydro-
carbon, ammonia, oxygen, steam, inert gas, and any re-
cycled materials, may vary between 0.01 and 100 volumes
of total gas, measured at the temperature and pressure
of the reaction, per volume of catalyst per hour, with
flow rates between 1.0 and 20.0 volumes of total gas per
volume of catalyst per hour being preferred.

The nitrile formed by the reaction may be recovered
from tail gas stream in any desired manner, Since, how-
ever, the unsaturated nitriles produced may react to form
polymerization, condensation products, particularly in
the presence of unreacted ammonia, it is preferable to
recover the formed nitrile by absorption in water or
other solvent containing sufficient acid such as sulfuric
acid to neutralize any unreacted ammonia. It has been
found preferable to cool the product gases rapidly and
to limit the residence time of the product gases in the
cooling zone prior to absorption in acidified water to 10%
or less of the total residence time of the gases in the
reactor. Alternately, it may be desirable to inject an acid
containing stream into the tail gases leaving the catalytic
reactor in order to meutralize unreacted ammonia prior
to or concurrent with rapid cooling of these gases. The
unsaturated nitriles may be recovered from the absorp-
tion solvent by any suitable means, such as fractional dis-
tillation, selective extraction, or the like.

The following examples are given by way of illustra-
tion and not limitation:

EXAMPLE 1

A vanadium polyphosphate was formed by dissolving
200.5 grams of oxalic acid dihydrate in 343 cc. of dis-
tilled water and adding 80.6 grams of vanadium pent-
oxide to this oxalic acid solution warmed to a tempera-
ture of about 80° C. 192.6 grams of an 85,7 weight per-
cent solution of phosphoric acid was then added to the
vanadium pentoxide-oxalic acid solution. The solution
was then heated in a tumbling device for a period of 2
hours, and when a temperature of 350-365° C. was
reached, the dry powder was discharged from the tum-
bling device, Pellets of 3¢”" diameter were formed from
the powder using a conventional (Stokes) pelleting ma-
chine. The pellets were then crushed and screened
through a 10 mesh (U.S. Standard) screen with the ma-
terial being recovered on a 20 mesh screen. The atom
ratio of the phosphorus to vanadium in the vanadium
polyphosphate was 1.9. As the second component molyb-
denum oxide, in the form of 15 weight percent MoO;
supported on alumina and having a particle size between
10 and 20 mesh was used.

17.5 cc. of the vanadium polyphosphate and 17.5 cc.
of the molybdenum oxide was mixed to form a first batch.
8.5 cc. of the vanadium polyphosphate was mixed with
8.5 cc. of the molybdenum oxide and 18 cc. of 6 to 10
mesh alumina which had been extracted with HCI, water
washed, and dried to form a second batch. 4.2 cc. of the
vanadium polyphosphate was admixed with 4.2 cc. of
the molybdenum oxide and 26.6 cc. of alumina as de-
scribed above to form a third batch. 2.2 cc. of the vana-
dium polyphosphate was mixed with 2.2 cc. of the mo-
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lybdenum oxide and 30.6 cc. of alumina as described
above to form a fourth batch,

An Inconel tube reactor of 1" diameter and 32"
length was charged with four batches, with the first batch
filling a bottom 35 cc. zone, the second batch a 35 cc.
zone thereabove, the third batch a 35 cc. zone thereabove,
and the fourth batch filling the top 35 cc. zone.

Isobutylene, oxygen, nitrogen, water vapor and am-
monia were passed downwardly through the catalyst bed
under the conditions as specified in Table I below and
methacrylonitrile was recovered in the yields indicated.
The reactor was initially heated to 800° F. and the tem-
peratures were maintained at the values indicated in
Table 1.

The Inconel tube reactor was surrounded by a jacket
containing 13% alumina-87% silica cracking catalyst
fluidized with air to carry off the exothermic heat of the
reaction.

10

15

6

TABLE 4

Feed: Propylene.
Catalyst: Vanadiom phosphate, P/V=1.0--15% MoO,
on Alundum.

Temperature, °F. . _ o ____ 810
Pressure, p.sdg. oo __ 200
Percent proyplene in total feed _________________ 0.9
H,0/propylene, mol ratio _____ . _______________ 12
O,/propylene, mol ratio ______________________ 10
NH; propylene, mol ratio _____________________ 2.3
Space velocity, liters/hr./ce. o __________ 6.6
Propylene conversion, mol percent ______________ 34
Selectivity to acrylonitrile, mol percent __________ 27

EXAMPLE 5

The previous examples may be repeated using in place
of the molybdenum oxide or copper oxide, respectively,

TABLE 1

Temperature, ® Fo_ .o 830 813 812 832 821 828 750 820 885
Pressure, DS e o e camamee 320 220 110 316 316 308 315 320 320
Percent isobutylene in total feed 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
H:Q/isobutyléne, mol ratio. 7 6 7 9 9 9 7 10 9
Osfisobutylene, mol ratio.. . 10 10 9 9.3 5.4 3.2 8 9 8
NHs/ischutylene, mol ratio .. 31 2.6 2.8 0.7 0.6 0.6 1.2 1.3 1.3
Space velocity, liters/br./ce._....__.__ 7.5 7.6 7.9 7.8 6.9 7.4 7.8 7.5 7.1
Isobutylene conversion, mol percent. . 70 53 68 89 68 58 49 70 98
Selectivity to methacrylonitrile, mol

o153 0 o1 AU 56 64 74 33 25 49 4 34 33

EXAMPLE 2 tungsten oxide, thorium oxide, uranium oxide, and zir-

Example 1 was repeated except copper oxide was used
in place of the molbdenum oxide as the second catalyst
component. The copper oxide was in the form of a 15
weight percent CuO supported on alumina. With the use
‘of this catalyst, isobutylene was converted to metheryl-
onitrile under the conditions as indicated in Table 2 be-
low:

TABLE 2

Temperature, ° F
Pressure, p.s.i.g.
Percent isobutylene in total feed_.. .. ... ...

H»0/isobutylene, mol ratio. ... o oooae oo 8 7
Osfisobutylene, mol ratio. . 12 10
NHa/fisobutylene, mol ratio 3.3 3.1
Space velocity, liters/hr./CCe aa oo oo oo 7.9 8.2
Isobutylene conversion, mol percent.. . .. _.______ 10 13
Selectivity to methacrylonitrile, mol percent 71 74

EXAMPLE 3

Example 2 was repeated using, however, propylene
and toluene, respectively, in place of the isobutylene.
The reaction conditions and the results obtained are in-
dicated in Table 3 below:

TABLE 3
Catalyst. Vanadium Phos-
phate, P/V=1.9
+15% CuO on  Toluene
Alumina
Feed-.. propyl- Propyl-
ene ene

Temperature, ° F 935 840 830
Pressure, p.s.i.g. 310 200 320
Percent hydrocarbon in total feed. 0.7 0.9 0.7
H:0/hydrocarbon, mol ratio- 22 8 8
Oy/hydrocarbon, mol ratio_. 10 10 11
NHs/hydrocarbon, mol ratio.. - 3.9 3.2 3.4
Space velocity, liters/hr./eC. . oo 8.3 6.7 7.4
Hydrocarbon conversion, mol pereent.... 41 8 26
Selectivity to—

Acrylonitrile, mol percent oo 20 )

Benzaldehyde. 23

Benzonitrile 24

EXAMPLE 4

Example 3 was repeated using propylene as the feed
and utilizing a catalyst prepared as described in Example
1 except with an atom ratio of phosphorus to vanadium
of 1.0. The reaction conditions and the results obtained
are indicated in Table 4 below.
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conium oxide, and comparable results will be obtained.
EXAMPLE 6

Example 3 may be repeated using xylene in place of
toluene and the corresponding benzene dinitrile will be
formed.

EXAMPLE 7

A molybdenum containing compound was prepared
in the following manner. 100 cc. of a concentrated HCl
solution, containing 37.0 weight percent HCl was added
to a 500 cc. flask. 38.8 grams of vanadium pentoxide
was added to the HCI solution. The resulting brown-
colored slurry was heated at refluxing temperature for
4.5 hours. An additional 300 cc. of concentrated HCl
solution was added to the flask and refluxing continued
for 16 hours until a homogeneous blue solution was ob-
tained. 18.3 grams of molybdenum trioxide was added
to the flask and refluxing continued for 2 hours until a
homogenous solution was again obtained. 31.8 grams of
an 85.0 weight percent solution of phosphoric acid was
added to the flask and refluxing continued for 2.5 hours,
194.7 grams of fused alumina, which had been crushed
and screened to 10-20 mesh, extracted with hot HCI
solution, washed with distilled water, and dried, was
added to the hot molybdenum oxide-vanadium oxide-
phosphoric acid-HCl solution. The mixture was placed
in a heated tumbling device and mixed for 3 hours until
a dry powder was obtained. Based on reagents used, the
dried powder contained 28.0 weight percent of molyb-
denum-vanadium-hposphorus oxides coated on alumina.
The composition of the mixed oxides corresponded to
26.7 mol percent MoQj3.44.4 mol percent V,05 and 28.9
mol percent P50s.

6.0 cc. of a vanadium polyphosphate formed as de-
scribed in Example 1 was mixed with 4.0 cc. of the
molybdenum-vanadinum-phosphorus oxygen compound
described above to form a first batch. 3 cc. of a vanadium-
polyphosphate formed as described in Example 1 was
mixed with 2 cc. of the above-described molybdenum-
vanadium-phosphorus-oxygen compound and 5 cc. of 10
to 20 mesh alumina which had been extracted with HCI,
water washed and dried to form a second batch. 2 cc. of
a vanadium-polyhposphate formed as described in Ex-
ample 1 was mixed with 2 cc. of the molybdenum-vana-~
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dium-phosphorus-oxygen compound and 16 cc. 10-20
mesh alumina described above to form a third batch.

A Vycor reactor of 1.2 cm. diameter and 90 cm. long
was charged with the three batches with the first batch
at the bottom, the second batch intermediate, and the
third batch on top, and the reactor was surrounded by
a 2.5 cm. diameter Vycor tube containing a bed of 13%
alumina—87% silica cracking catalyst fluidized with air.
The entire assembly was mounted in a 1’ diameter 26"
long electric furnace and was heated to a temperature
of 475° C. and a gas stream containing isobutylene, air,
ammonia, and water vapor was passed downwardly
through the catalyst bed. The ammonia and water vapor
were added to the gas stream by saturating a portion of
the gas stream with ammonium hydroxide solution. Sam-
ples of the gaseous feed stream and product stream were
taken periodically during the experiment and analyzed
by gas chromatography. The following Table, No. 5, in-
dicates the composition of the gas feed, the reaction con-
ditions, and the results obtained:

TABLE 5

Temperature, ® C. oo oo 475 475 475 475
Percent isobutylene in total feed.-. _ 0.86 0.82 0.82 0.8
Osfisobutylene, mol ratio_........- . 224 23,9 239 230
N Hajisobutylene, mol ratio._.. . Lo 1.0 1.8 3.3
H,0/isobutylene, mol ratio...._... _ 003 004 0086 010
Catalyst load, vol. gas/vol. cat./sec- . 024 047 0.51 0.51
Isobutylenc conversion, mol percent.._. 83 89 79 57
Selectivity to methacrylonitrile, mol

POrCent. i mameeemaeeeman 15 10 14 24

EXAMPLE 8

Example 7 was repeated. However, a capillary glass
tube having an inside diameter of 1 millimeter was in-
serted in the reactor immediately below the catalyst bed.
This capillary glass tubing was maintained at an average
temperature of 200° C. and the feed rate was controlled
so that the residence time in this cooling zone was about
0.01 seconds. The reaction conditions and results ob-
tained are indicated in the following Table 6:

TABLE 6
Temperature, ® C. oo 450
Percent isobutylene in total feed oo 0.90
0,/isobutylene, mol ratio —--—cem oo 21.2
NHj;/isobutylene, mol ratio .- —w-ocmmcmmme o 3.7
Catalyst load vol. gas/vol. cat/sec. e m 0.52
Isobutylene conversion, mol percent — oo 9(5)
3

Selectivity to methacrylonitrile
EXAMPLE 9

Example 1 was repeated using, however, in place of the
isobutylene the hydrocarbons listed in column 1. In each
case the corresponding nitrile indicated in column 2 is
formed:

Column 1 Column 2

Propylent. v ccecuaocramcccaeaaan Acrylonitrile.
2-butene...... - 2-butenenitrile.
2-pentene. _-.....coeea - 2-penenitrile.
2-methyl-2-butene.. ... - .. 2methyl-2-butenenitrile.
2-hexene......co.---- - 2-hexenenitrile.
2-methyl-2-pentene _ 2methyl-2-pentenenitrile.
3-methyl-2-pentene _ 3-methyl-2-pentenenitrile,
2,4-hexadiene. ... . 1,4-cyano[l,4&-butadiene[.
2,4 heptadiene_. - 1,5-cyanoll.4-pentadiene].
Toluene. _c.ooac-- . Benzonitrile.
Xylene..... .-~ Tolunitrile.

Do.... _ Isophthalonitrile.

Do._... _ Terephthalonitrile.

DO Phthalonitrile.

1-phenylpropene...
Methylnaphthalen -
1,4-dimethylnaphthalene. ..........

EXAMPLE 10

A vanadium - phosphorus - oxygen compound was pre-
pared by reacting vanadium oxalate and phosphoric acid
as described in Example 1. As the second component,
molybdenum oxide, in the form of 15 wt. percent MoO;
supported on alumina was used.
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20.0 cc. of the vanadium polyphosphate and 20.0 cc.
of the molybdenum oxide were mixed and charged to a
Vycor reactor of 1.2 ¢cm. diameter and 90 cm. long. The
reactor was surrounded by a 2.5 cm. diameter Vycor tube
contajning a bed of 13% alumina-87% silica cracking
catalyst fluidized with air. The entire assembly was
mounted in a 1’ diameter, 26"’ long electric furnace.

A gas stream containing paraxylene, air, ammonia, and
water vapor, was passed downflow through the catalyst
bed. The ammonia and water vapor were added to the
gas stream by saturating a portion of the gas stream with
ammonium hydroxide solution.

Gas stream leaving the reactor was cooled and the re-
action products which solidified at room temperature were
collected in a cylindrical paper filter. Reaction products
were recovered from the filter, and analyzed by gas
chromatography. Operating conditions and experimental
results are given in Table 7.

TABLE 7—~PREPARATION OF TEREPHTHALONITRILE

Temperature, ® B 875 925 850
Pressure, P.Sdg.occeomceoaan ] ] 0
Percent p-xylene in total feed. 0.4 0.4 0.4
H,0/p-xylene, mole ratio_ 0.8 0.3 1.3
Qsfp-xylene, mole ratio.. 55.0 57.0 53.0
NHa/p-xylene, mole ratio 7.6 3.2 12.2
Space velocity, liters/hr./cC. o aeooaaios 18 1.7 1.7
p-Xylene conversion, mole percent_....... 100 100 100
Selectivity to terephthalonitrile, mole

percent . .o iimaaciaean 70 40 58

EXAMPLE 11

A vanadium-phosphorus oxygen compound was pre-
pared by reacting vanadium oxalate and phosphoric acid
as described in Example 1. Phosphorus to vanadium atom
ratio of the vanadium phosphate was 1.9. As the second
component of the catalyst mixture, molybdenum oxide, in
the form of 15 wt. percent MoOj supported on «-alumina,
was used.

14.0 cc. of the vanadium phosphate, 14.0 cc, of the
molybdenum oxide, and 7.0 cc. of 6-10 mesh, HCI
washed, «-alumina, were mixed to form a first batch. 8.0
cc. of the vanadium phosphate, 8.0 cc. of the molyb-
denum oxide, and 19.0 cc. of the «-alumina, were mixed
to form a second batch. 6.0 cc. of the vanadium phos-
phate, 6.0 cc. of the molybdenum oxide, and 23.0 cc. of
the «-alumina, were mixed to form a third batch. 4.0 cc.
of the vanadium phosphate, 4.0 cc. of the molybdenum
oxide, and 27.0 cc. of the a-alumina were mixed to form
a fourth batch.

An Inconel tube reactor of 1’ diameter and 32" length
was charged with the four batches, with the first batch
filling a bottom 35 cc. zone, the second batch a 35 cc.
zone thereabove, the third batch a 35 cc. zone there-
above, and the fourth batch a top 35 cc. zone.

Isobutane, oxygen, nitrogen, water vapor, and ammo-
nia were passed downwardly through the catalyst bed
under conditions specified in Table 8, columns 1 and 2,
and methacrylonitrile was recovered in the yields indi-
cated.

EXAMPLE 12

A vanadium-phosphorus-oxygen compound was pre-
pared by reacting vanadium oxalate with phosphoric acid
as described in Example 1. Phosphorus to vanadium
atom ratio of the vanadium phosphate was 1.5. As the
second component of the catalyst mixture, molybdenum
oxide, in the form of 15 wt. percent MoO; supported on
«~alumina, was used.

Four batches of the vanadium phosphate, molybdenum
oxide and HCl washed «-alumina were prepared and
charged to the 1” diameter Inconel reactor exactly as
described in Example 11. Isobutane, oxygen, nifrogen,
water vapor, and ammonia were passed downwardly
through the catalyst bed under conditions specified in
Table 8, columns 3, 4, 5, and 6, and methacrylonitrile
was recovered in the yields indicated.
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TABLE 8
Example 11 Example 12
1 2 . 3 4 5 ]

Temperature, ° F_...___ 910 950 L050 1,050 1,050 1,050
Pressure, p.s.d.g oo 50 50 50 50 50 50
Percent isobutane in

total feed_...____.__._ 0.8 0.8 0.9 0.8 0.8 0.8
H,0/isobutane, mole

;17 [ 11 11 10 7.5 7.7 7.9
O:fisobutane, mole

ratio . ... ... 13 13 6.4 9.6 6.6 4.3
NHj/isobutane, mole

ratio ... . ___._.... 0.5 0.5 0.6 3.1 3.2 3.3
Space velocity, liters/

hrfeCenn o 6.6 6.6 6.6 7.7 7.0 6.8
Isobutane conversion,

mole percent.._____.. 16 28 36 45 31 23
Selectivity to methacry-

lonitrile, mole

percent._____ ... ______ 49 33 6 15 44 59

What is claimed is:

1. Process of producing methacrylonitrile, which com-
prises reaction in the vapor phase at a temperature of
300 to 650° C. of at least one of the hydrocarbons iso-
butane of isobutylene with oxygen and ammonia in the
presence of a two-component catalyst, introduced as a
composition - consisting essentially of a first component,
which is a vanadium phosphate formed by the reaction of
vanadium oxylate and phosphoric acid, and a second
separate, distinct component which is at least one mem-
ber selected from the group consisting of molybdenum
oxide, copper oxide, tungsten oxide, thorium oxide, ura-
nium oxide and zirconium oxide, each of which catalyst
components being separately deposited on different par-
ticles of substantially inert character.

2. The process claimed in claim 1, wherein the ratio of
the metal to the second component to vanadium is about
0.01 to 5, wherein the ratio of vanadium to phosphorus
is about 0.1 to 3.5, wherein the mole ratio of oxygen to
the C, hydrocarbon is about 0.5 to 50, and wherein the
mole ratio of ammonia to said hydrocarbon is about 0.2
to 20,
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3. The process claimed in claim 2, wherein said second
catalyst component is molybdenum.

4. The process claimed in claim 1, wherein said inert
particles are a-alumina.

S. The process claimed in claim 1, wherein said hydro-
carbon is isobutylene.
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